For both tests, a model cavity radius (Rc) of 72 m is derived from maximum announced yield (Pawloski, 1999; USDOE, 2000) . Each sub-CAU model is developed specific to the hydrostratigraphic framework model (HFM) and the hydrogeologic setting of Rainier Mesa (Fenelon et al. 2008; Carroll, 1990 ) using updated hydrostratigraphic interpretations of drill hole RME#1 (Townsend and Townsend, 2004; NSTec, 2009; Drellack, 2010) to provide more likely constraints on RVA location adjacent to the Clearwater and Wineskin tests. Compared to the base HFM model (NSTec, 2007) , for Clearwater, the RVA top is raised about 1 Rc closer to the working point, and for Wineskin, the RVA is thickened and extended northward to the edge of the granitic MGCU, which is assumed impermeable as in the CAU model.
Flow Model. Figure 1 shows general set up of the flow model. Figure 1 shows simulated fracture and matrix saturation for the Clearwater 1600 m and Wineskin 1625m RVA head flow cases. Importantly, saturation fields for all flow cases are consistent with saturated matrix below the upper level of pervasive zeolitization (Carroll, 1990; Townsend et al., 2007; Townsend, 2008) and the elevation below which fractures are fully saturated as constrained by 19 perched water level measurements on Rainier Mesa (Thordarson, 1965; Fenelon et al., 2008) including recent flooded N-and T-tunnel water levels (Stoller-Navarro, 2007a).
Matrix permeability dominates flow in vitric tuff aquifers, and fracture permeability dominates flow in welded tuff aquifers (Stoller-Navarro, 2006 and Townsend, 2008) . Direct observations of flow in Rainier Mesa tunnels and shafts indicate that fractures dominate flow in the TCU (Thordarson, 1965; Townsend et al., 2007; Townsend, 2008) . The flow models focus on assessing fracture flow uncertainty in the TCU as a key variable for assessing radionuclide transport uncertainty between test locations and the RVA. TCU fracture permeability and porosity are different in each of five flow cases, while matrix flow properties in the volcanic section are constrained by the 58 most accurate of 65 data from Kwicklis et al. (2009) . Corrections were made to these matrix property data for porosity, permeability, and van Genuchten parameters to address revised RME#1 (hydro) stratigraphic interpretation, zeolite and smectite mineral hydration, Ksat overestimation by flexible wall tubes, and standard error in alpha parameter. Flow calibration using the 1707 m perched water level together with INFIL3 infiltration rates constrains TCU fracture hydraulic conductivity to between 0.4 and 2.5 E-9 m/s, one to two orders of magnitude higher than estimated matrix permeability. Model TCU fracture porosity range between 0.5 and 5.7E-4 based on TCU fracture aperature and spacing data (Prothro, 2008) . The same matrix and fracture flow properties applied to Clearwater flow cases are extended to five Wineskin flow cases, which exhibit greater uncertainty in two respects: (1) a larger range of RVA head and (2) variable perched water levels that bracket the working point elevation.
In test-altered zones at Rainier Mesa, permeability is enhanced in fractures to 3Rc and in the matrix to 2Rc (US Congress, 1989) . Although no direct measurements of test-altered permeability and porosity are available from Rainier Mesa, fracture permeability testing from the Hardhat test in granite (Boardman, 1966; Boardman and Skrove, 1966) provides insight. The bottom row of Figure 1 shows model fracture and matrix permeability including test altered zones for the Clearwater 1600 m RVA head flow case. The five flow cases span up to two orders of magnitude of uncertainty in enhanced fracture permeability within 3Rc, with increasing permeability inward toward the working point. The flow models indicate flow transients caused by test-enhanced permeability and porosity last for decades to centuries and increase TCU fracture flow velocity between radionuclide source locations and the RVA. Similar to the Nash test source term model constrained by water level and tritium data in Yucca Flat (Carle et al., 2008) , the transport model includes test-induced transient flow effects that will enhance radionuclide transport to the regional aquifer compared to a steady-state flow assumption.
Transport Model. For each of the eleven radionuclides of the Hydrologic Source Term (HST) model, H-3, C-14, Cl-36, I-129, Tc-99, U-238, Sr-90, Pu-238, Pu-239, Pu-240, and Am-241, the transport model explicitly varies the properties of source magnitude, source spatial distribution, sorption, and matrix diffusivity including ranges of uncertainty. Each radionuclide source term is initially partitioned into void space or fractures of five zones: melt glass, cavity, 1-1.5Rc, 1.5-3Rc, and chimney zones. Radionuclides with melt glass partitioning have additional uncertainty ranges for glass fraction and glass dissolution. The transport model realizations cover the entire range of uncertainty for the source term model and sorption coefficients specific to each radionuclide and rock type. Uncertainty in matrix diffusivity is addressed by using radionuclide-specific diffusion coefficients and a tortuosity-porosity relationship (Stoller-Navarro, 2007b ) with a factor of  2.0 uncertainty. Colloidal transport for Pu and Am isotopes is addressed by applying an additional 0.1 multiplier to the tortuosity factor to represent a 90% and 10% portioning of Pu and Am isotopes into colloidal and aqueous phases, respectively, within fractures. Transport parameter uncertainty is addressed by using three transport mobility settings (LM, MM, HM) for radionuclide-specific parameters including Kd, tortuosity, and average penetration depth into the matrix (Neretnieks, 1980) , which is assumed limited by physical barriers and sorption. For rubble source zones -the cavity, melt glass, and chimney -the model considers that strongly sorbing radionuclides distribute preferentially into smaller particles having larger surface area to volume ratio, while nonsorbing radionuclides distribute more completely throughout rubble of various sizes (Rabb, 1970 ).
The transport model results are compared to radionuclide concentration data of three kinds (1) source zones of other NNSS tests with similar hydrogeologic settings (Hot Well data) , (2) T tunnel discharge after Mighty Oak test "radioactive materials leaked …into vessel III" (U.S. Congress, 1989) , and (3) impounded T tunnel water extracted from behind the gas-seal plug (GSP). The T tunnel data show consistency with the Hot Well data suggesting that T tunnel data are representative of source zone concentrations at Rainier Mesa. Transport modeling results for other long half-life tracers C-14, Cl-36, and Tc-99 are similar to I-129 with differences mainly related to initial source magnitude. U-238 and Am-241 transport results are below the MCL, consistent with observations, except for a small percentage of unlikely high mobility cases. For all plutonium species, a large model uncertainty derives from the source term uncertainty of 0 to 5% fraction not initially sequestered into melt glass. For example, the model can produce Pu-239 concentrations over 100 MCL, whereas Pu-239 has been rarely observed over the MCL. In general the Clearwater and Wineskin sub-CAU models produce water and radionuclide fluxes consistent with established hydrogeologic conceptual models, recharge estimates, fracture flow observations, water level data, rock property data, source term uncertainty, and radionuclide concentration data. (Pawloski, 1999; USDOE, 2000) . (Pawloski, 1999; USDOE, 2000 (Pawloski, 1999; USDOE, 2000) . 
